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Abstract 
The article presents the results of the work of the bonded anchors with selected resins commonly used in the European market for
a variety of substrates - concrete walls made of ordinary non-cracked concrete, ordinary concrete cracked with initiated cracks of 
0.00 and 0.30 mm, and masonry with bricks of grade of not less than 20 MPa compressive strength and full brick silicate class of
not less than 20 MPa. All tests performed for the purposes of this article were stored in ambient temperature of 23˚C before testing. 
The article does not include testing at temperature other than 23˚C, humidity, or moisture of the substrate.
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Resin anchors are defined as steel bars, bolts which are bonded into a substrate, usually concrete and masonry, 
using a resin based adhesive system. In most cases the bond is stronger than the base material and since the system is 
based on chemical adhesion, no additional stress is introduced to the base material as with expansion type anchors. 
Therefore, resin anchors are suited for high load applications, also for close to edge fixing and application in concrete 
of unknown quality or low compressive strength. 
There are many systems available in the market and most of them use the same principle with the base resin and 
a second component, requiring mixing to begin the chemical curing process. The European and international standards 
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[1,2,3,4,5,6,7] provide formulas and charts to determine the tensile load capacity based on installation parameters such 
as effective anchorage depth, distance from edge, compressive strength of base material and its quality (cracked or 
not). However, the determination of real load-bearing capacity of resin anchors bonded to different materials then 
concrete is a key issue for applications in a specific condition such as concrete or masonry structures in mining 
subsidence areas [8,9,10].   
2. Material and methods 
2.1. Materials 
Three types of substrates were investigated: concrete, clay and calcium silicate bricks. The substrate was made of 
C30/35 concrete. After casting in steel molds, the cube specimens were covered and stored in a curing room at 20±1ºC 
and 95% humidity for the first 24 hours. Subsequently, the specimens were removed from the molds and stored in 
ambient conditions for 28 days before testing. The concrete specimens were tested in compression; the values of 
compressive strength are shown in Table 1. Steel bars used in this research were 10 mm in diameter and made of steel 
10.9 class with ultimate strength of 1040 MPa. To bond the bars into the substrate polyester and epoxy resin were 
used. The polyester resin is two-component, fast-curing injection mortar, however, it shows limited chemical 
resistance (e.g. alkaline media). The epoxy resin is low-shrink, two-component injection mortar that combines good 
thermal and mechanical properties. It shows outstanding resistance to chemicals.  
a) b) 
Fig. 1 a) Resins used in the research - epoxy (left), polyester (right), b) installed anchor before pull-off. 
2.2. Methods 
In the substrate specimens holes with diameter of 12.3 mm were drilled with drilling machine. Subsequently, the 
holes were cleaned with compressed air before applying resins and bonding the steel rods. The specimens were stored 
in 23 for time recommended by manufacturers of resins. 
In total 20 specimens were manufactured, five with each substrate. Fig. 1 shows resins used in the study and 
specimens stored before testing. Table 1 presents the installation parameters of tested specimens. 
3. Results and discussion 
Fig. 2a presents results of concrete C20/25 specimens bonded with epoxy resin. Mean value of the load-bearing 
capacity of anchors fastened in cracked concrete was 23% lower compared to non-cracked concrete. Fig. 2b shows 
typical failure mode of the specimens.    
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Table 1 Installation parameters of tested anchors. 
Type  
of anchor 
Drilled hole diameter 
dcut [mm] 
Depth of drilled hole to 
deepest point h1 [mm] 
Effective 
anchorage depth 
hef [mm]
Base material 
M10  
 Epoxy dcut, nom = 12.30 85.0 80.0 
Concrete   fc,test,C20/25 = 29.2 MPa 
Clay brick MZ    fc,test = 21.0 MPa 
Calcium silicate brick KS   fc,test = 22.7 MPa 
M10  
Polyester dcut, nom = 12.30 85.0 80.0 
Concrete  fc,test,C20/25 = 29.2 MPa 
Clay brick MZ   fc,test = 21.0 MPa 
Calcium silicate brick KS   fc,test = 22.7 MPa 
Test temperature (working temperature): 23ºC 
  Fig. 2 a) Tensile load-bearing capacity of anchors bonded with epoxy resin, b) Typical failure mode. 
Fig. 3 a) Tensile load-bearing capacity of anchors bonded with polyester resin, b) Typical failure mode. 
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Fig. 3 presents results of concrete C20/25 specimens bonded with polyester resin. Mean value of the load-bearing 
capacity of anchors fastened in cracked concrete was 22% lower compared to un-cracked concrete. Fig. 3b shows 
typical failure mode of the specimens. Test results for clay bricks MZ and calcium silicate bricks KS are shown in 
Fig. 4. Mean value of the load-bearing capacity of anchors fastened in bricks, regardless of the base material, was 
similar. 
Fig. 4 Tensile load-bearing capacity of anchors bonded with polyester resin.   
4. Conclusions 
The paper presents the results of the study on tensile load-bearing capacity of anchors bonded with epoxy and 
polyester resins to different materials such as concrete and bricks.   
The results of the tests of the epoxy resin in concrete show a decrease in the load-bearing capacity of 12% of non-
cracked concrete and 33% for the cracked concrete in relation to the failure of steel bar. The results of the tests for the 
polyester resin in concrete show a decrease in the load-bearing capacity of 20% of non-cracked concrete and 38% for 
the cracked concrete in relation to the failure of steel bar. The results of the tests for the anchors bonded with epoxy 
resin in clay bricks MZ and calcium silicate bricks KS show a decrease load-bearing capacity of 21% compared to the 
failure of steel bar. This may prove that the brick substrate does not ensure the same level of load as in concrete. 
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